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(A) Representative flow cytometric profiles of spleen cells from three different 1- yr-old NZB mice stained with propidium iodide. The x-axis is log scale fluorescence due to DNA content and the y-axis is relative cell number. For each individual spleen sample 10,000 cells were analyzed. (B) A representative single experiment. The top panel is the DNA profile of the donor NZB spleen cells. The first large peak represents cells with the normal G, content of DNA, the next smaller peak consists of hyperdiploid G, cells with increased DNA content (GI*). The middle panel is an unmanipulated 4-mo-old (NZB x DBA/2)F, mouse with the normal 2C amount of DNA . The bottom profile is from the spleen of an (NZB x DBA/2)F, mouse transfused 6 wk earlier with the NZB spleen cells shown in the top panel. The smaller first peak represents F, normal G, RELATIVE DNA CONTENT cells; the larger second peak consists of hyperdiploid donor NZB G, cells (G, *) with increased DNA content .
CA), anti-la (New England Nuclear, Boston, MA), and 14.8 anti-Ly-5 (B220) kindly provided by Dr. T . M. Chused. Ly-1 B cells were stained using a biotinylated anti-Ly-1 (Becton Dickinson & Co.) followed by phycoerythrin-avidin (Becton Dickinson & Co.) and FITC-labeled anti-IgM (Tago Inc.). Intracellular p53 protein was stained in ethanol-fixed cells with an anti-p53 (clone 1421) (8) followed by a FITC-labeled goat anti-rat Ig (Cooper Diagnostics ; Malvern, PA) and simultaneous staining with propidium iodide (25 lag/ml) . Serum anti-ssDNA and IgM levels were determined by an ELISA technique (9) .
Results and Discussion
Proliferative Characteristics of NZB Spleen Cells. >80% of NZB mice >9 mo old possess at least 5% hyperdiploid spleen cells (2) . The hyperdiploid cells frequently have additional chromosomes 10, 15, 17, and X (2), none of which contain members of the Ig gene family. Fig . 1 A illustrates flow cytometric analyses of DNA content of three representative spleen cell populations from individual aged NZB mice. All three profiles show a large percentage of hyperdiploid cells (G,*) . The middle profile shows a spleen with a large number of proliferating hyperdiploid cells (G2 + M*),which is characteristic of about half of hyperdiploid NZB spleens . The bottom profile of panel A is that of an NZB mouse that possessed tetraploid cells as confirmed by cytogenetic analysis . The hyperdiploid cells were not able to be grown in vitro in the presence of EL-4 supernatants or ssDNA as a source of antigen stimulation . However, the hyperdiploid cells can be passaged into non-irradiated (NZB X DBA/2)F I recipients where they can be identified as of NZB origin because of unusual C-banded marker chromosomes (2) . Fig . 1 B demonstrates the enhanced proliferative capacity of NZB hyperdiploid spleen cells in the F, recipients. Mice transfused with NZB spleen cells containing both normal and hyperdiploid cells were populated with only NZB hyperdiploid cells (data not shown) . Although these mice developed splenomegaly, and hyperdiploid cells were found in low numbers in the peripheral blood, there was no evidence of infiltration into any other organ and transfused recipients lived for >1 .5 yr. Thus, although hyperdiploid cells have an abnormal growth potential they do not behave as frank lymphomas . Probes specific for VH and VK gene families were used in an attempt to determine if preferential usage of specific variable region gene families was a property of hyperdiploid cells. In Fig. 2B one (A .1) of three individual spleen preparations demonstrated a VK1O clonal rearrangement. However, by this analysis VKIO was not uniformly used by these clonally rearranged B cells. Other VH (7183, S107, Q52) and V, (VK8, VK21)-specific probes did not reveal novel bands or germine deletions. Preferential use of VH7183 in rheumatoid factor and anti-DNA autoantibodies has been reported (10). Other groups have not observed a similar preference (11) . The current study does not provide evidence for specific use of variable region gene families by clonally expanded NZB B cells ; cloning studies are in progress to clarify this question .
Because some B cell lymphomas demonstrate rearrangements of TCR genes, an analysis of TCR-0 genes was performed. In Fig . 2C , one hyperdiploid spleen (A .24) of five studied exhibited a TCR-a, rearrangement. Thus, TCR rearrangement is not a general characteristic of these clonally expanded abnormal cells . Cellular Characteristics . Experiments were next performed to examine the cell surface characteristics of hyperdiploid cells . Fig . 3 shows the results of representative experiments in which spleen cells of (NZB x DBA/2)F, recipients of hyperdiploid cells were examined by flow cytometry. Hyperdiploid cells were found to be IgM-bright (A), Ly-5+ (B220) (B), Ly-1 + (intermediate staining) (C), IgD-dull (data not shown), and THB-dull (data not shown) . Transfused recipients with >50% hyperdiploid cells were found to have elevated percentages of Ly-I B cells relative to untransfused F, mice (means of 20 .6 and 4.0, respectively) . These cell-surface characteristics are similar to those proposed for a lineage of autoantibody-producing B cells (4) . In addition, hyperdiploid-transfused F, recipients also had modest elevations in anti-ssDNA antibodies and serum IgM levels when compared with untransfused F, mice, but not nearly in the amount present in aged NZB mice (Nicolli et al., manuscript in preparation) . Thus it is unclear whether hyperdiploid cells might arise from autoantibody-producing B cells.
Both surface la expression and intracellular p53 protein are increased in activated lymphoid cells. Elevation of p53 also has been implicated in transformation (9) . Hyperdiploid cells showed increased staining with both anti-la and anti-p53 (Fig. 3) . The current study failed to show evidence of rearrangement or gene amplification of p53, c-myc, c-myb, c-src, cfos, c-raf, or c-bas and thus the mechanism of increased activation and proliferation of hyperdiploid cells remains uncertain.
It appears that hyperdiploid cells arise in conjunction with the same abnormality that results in autoreactive B cells. In support of this idea, no NZB.xid mice (0/18) had detectable hyperdiploidy or demonstrated elevated autoantibodies reactive with ssDNA. These results also suggest that the hyperdiploid cells might derive from mature B cells since xid interrupts terminal B cell maturation.
NZB hyperdiploid cells appear to represent an intermediary state between autoimmunity and B cell malignancy . An analogous human subpopulation of B cells, Leu-1 B cells, has been implicated both in development of autoimmunity and lymphoproliferative disorders (12, 13) . In both the human Leu 
